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New naphthalimide derivatives containing unsaturat-
ed polymerizing groups have been synthesized and
characterized. Their absorption and fluorescent pro-
perties and the possibilities for structural colouring of
the synthesized polymers have been studied.
The extremely bright colours of naphthalimide
dyes conditioned by fluorescence, make them
preferable for dyeing synthetic polymers and tex-
tile materials 1-3, epoxide resins", etc. The intro-
duction of polymerizing groups into naphthali-
mide group allows the combination of the two
processes dyeing and polymer formation and the
dyes being introduced during the polymerization
process>", Thus they bind covalently in the po-
lymer chain, ensuring a dyeing effect resistant to
chemical and physical influences. This paper re-
ports on the synthesis of some naphthalimide de-
rivatives, containing polymerizing groups and the
studies of their properties.
Results and Discussion
Synthesis of dyes
The dyes 2, 3a and 3b were synthesised start-
ing from 4-nitro-l, S-naphthalic anhydride (1)
and the route employed was as follows:
4-Nitro-l, 8-naphthalic anhydride, synthesized
as previously described", was reacted in molar ra-
tio with allylamine for 4 hr, in ethanol medium at
60°C until 4-nitro-N-allylnaphthalimide 2 was ~b-
tained. The electron acceptor carbonyl groups in
2 favour the participation in nucleophilic substitu-
tion reactions of the nitro group with primary and
secondary amines (AH). In 2-methoxyethanolic
medium at 90°C 2 reacted with AH for 8 hr until
4-amino- N -allylnaphathalimide 3 was obtained








:ulyl groups. The rate of the reaction and the pur-
ity of the final product was monitored by 1LC us-
ing n-heptane-acetone (1: 1). The new compounds
2, 3a and 3b were characterized by UV-VIS-
fluorecence, FTIR- and IH NMR spectra and ele-
mental analysis (Table I).
Spectral ,data
In ethanol solution dye 2 absorbed in UV-range
at 342 nm. Changing of the electron accepting ni-
tro group led to a change in the spectral fluores-
cent behaviour of 3a and 3b. As a consequence
of molecular polarization resulting in donor-ac-
ceptor interaction between carbonyl and amino
groups, an additional broad absorption band,
bathochromically shifted from compound 2 ap-
p~ared. 3~ and 3b absorbed in VIS spectral range
with maxima at 430 and 406 nm, respectively,
which was due to intramolecular electron charge
transfer from the unbound electron pair of the ni-
trogen atom at position-4 towards the electron ac-
Table I-Characteristic data of the compounds
Compd m.p.(°e) Found (%) (calcd) NMR(CDCl,)
(yield %) (6,ppm) .
C H N
2 120-23 63.51 3.48 9.76 4.5-4.6 (d, 2H, NCH2),
(96) (63.82 3.54 9.92) 5.2-5.3 (rn, 2H, = CHz),
6.0-6.2 (m, lH, CH = ),
3a 74-75
(7.4-8.4 (m, 5H, ArH)
73.54 5.41 9.40 4.2 (s, lH, NH)
(84) (73.97 5.47 9.58) 4.7-4.8 (d, 4H, NCH2),
5.3-5.4 (m, 4H, = CH2),
5.9-6.1 (m, 2H, CH - ),
3b 164-66
7.4-8.4 (m, 5H, ArH)
75.69 5.83 8.21 4.5-4.7(d, 6H, NCH2),
(52) (75.90 6.02 8.43 5.2-5.4 (m, 6H, =CH2),
5.9-6.0 (rn, 3H, CH = ),
7.4-8.6 (m, 5H, ArH)
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Table II-Absorption and fluorescent characteristics of dyes in ethanol
Compd A abs. loge A fl. Stokes shift ~ fl. ESI
(nm) (nm) (em-I) (Ill/mol)
2 342 4.11 0.314
3a 430 4.08 0.291 525 420? 0.76 246.3
3b 406 4.06 0.246 525 5583 0.09 249.6
cepting C = 0 groups. In ethanol solution at room
temp. compound 2 did not show fluorescent
emission. Compounds 3a and 3b emitted with
yellow-green fluorescence with maximum at 525
nm. The nature of substituent A does not influ-
ence the fluorescent maximum but influences flu-
orescent intensity and its quantum yield and the
absorption maximum in VIS region. The fluores-
cent quantum yields (Table II) were calculated us-
ing Rodamine 6G as a standard (~=0.88)1O. The
hypsochromic shift in spectrum of 3b and the
significant decrease in the quantum yield of fluor-
escence are due to its weakened electrondonating
properties of nitrogen atom from the amino
group, connected with a change in the molecular
configuration 11.It might be also due to the inter-
action between one of the allyl groups and the hy-
drogen atom in position-S from naphthalene ring.
In i-pentane-ethanol-diethyl etheric solution
(5:2:5) at 77K, the investigated compounds did
not show phosphorescence, which means that in
excited state E, is determined by finding the
cross point of absorption and fluorescent spec-
trum in A.s . The energy of E, that is found ex-
perimentally is equal to 246-249 KJ mol- I. An
important characteristic of the dyes is the oscilla-
tor strength. The oscillator strength f, shows the
effective number of electrons which transition
from ground to excited state. gives the absorpti~n
area in the electron spectrum. Values of the oscil-
lator were calculated using the formula:
f= 4.32 x 10-9 ~V1l2€max
whre ~1!2 is the width of the absorption band in
cm - 1 at €ma,/2. Results for ( commensurable
with other that we found out in prior experiments
for some naphthalirnide dyes". In IR spectra for
two C = 0 groups in the range of 1686-1679 and
1664-1652 em - I characteristic vibrations were
observed, a well as characteristic vibrations of al-
lyl groups vc=c=1632-1638 cm"", bCH=~84-
995 em-I, bCH =910-916 cm " and deformation-
al vibrations tYPical for C - H bonds of the aro-
matic structure of naphthalirnide nucleus. at 778-
781 em-I. The IH NMR spectrum peaks corre-
sponding to allyl groups occur at d = 4.5-4.8 (m,
NCH2), 5.2-5.4 (m, = CH2) and 5.9-6.2 (m,
CH=).
Copolymerization of dyes with styrene
Mass copolymerization of styrene with com-
pounds 2, 3a and 3b has been investigat~d ~c-
cording to the literature method 13.Polymerization
was carried out at 70°C for 12 hr using AIBN (0.1
wt %) as an initiator of radical polymerization.
The quantity of dyes was 0.2 wt %. Thus using 3a
and 3b, transparent polymers showing yellow
green fluorescence were obtained. It. was found
out that absorption curves of the dyes in the tolu-
ene had identical absorption maxima, which
showed that no structural changes considering the
chromophore system appeared during the poly-
merization. This fact makes possible the use of
the method of standard curve when determining
the percentage of the dye chemically bound to the
polymer chain. It was found that ove~ 90% of the
initially introduced dyes, were chermcally bound.
A hysochromic shift of the fluorescence maxima of
the dye in solution after their introduction into
the polymers has been also observed. It might be
attributed to their being trapped by the polymer.
The viscosity ['YI1of polystyrene in toluene solu-
tion at 25°C was determined by an Ubbelohde




where c is the concentration of the polymer in
toluene at 0, 5 g/dl, The obtained data is present-
ed in Table m.
Experimental Section
Melting points are corrected. IR spectra were
recorded in KBr pellets on a Perkin-Elmer 1600
spectrophotometer, UV/VIS spectra (ethanol
5 x 10-5 moU-I) on a Hewlet Packard 8452A
spectrophotometer, and fluorescence spectra on
a Perkin-Elmer MPF 44 spectrophotomter. IH
NMR spectra were recorded on a Bruker- 200
spectrometer operating at 200 MHz in CDCI3.s0-
lutions using TMS as internal standards (chermcal
shifts in b, ppm).
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Table III-Characteristic data of homo polystyrene and the
corresponding copolymers




















thalic anhydride (0.01 M) was dissolved in etha-
nol (50 mL). It was heated to 60°C and added al-
lylamine (0.01 M) dissolved in ethanol (20 mL) to
i the solution. The solution was stirred for 4 hr af-
ter that cooled to room temp. and poured into
water (200 mL). The precipitate was filtered and
dried. It was recrystallized from gl. acetic acid.
4-Allylamine- N-allylnaphthalimide 3a. Com-
pound 2 (0.01 M) was dissolved in 2-meth-
oxyethanol (50 mL). It was stirred at 90°C and
added allylamine (0.01 M) dissolved in 2-methox-
yethanol to the solution. After 8 hr the reaction
mixture was cooled to room temp. and poured in-
,to water (200 mL). The precipitate obtained was
recrystallized from o-dichlorobenzene.
Similarly compound 4-diallylamino-N-
allylnaphthalimide 3b was obtained using diallyla-
mine.
Copolymerization with styrene. Styrene (10 g),
the dye 3a or 3b (0.02 g) and azoisobutilonitrile
(AIBN) (0.01 g) were heated in a nitrogen-purget
glass ampoule for 12 hr at 70°C. The resulting
polymers were dissolved in toluene and precipi-
tated with ethanol; this procedure was repeated
several times and the polymers were finally dried
in vacuo at 40°C.
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